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Material Handling Operations

Richard L. Storch, Member, University of Washington, Seattle, WA

ABSTRACT

The initial phase of a two part
study to develop a sinulation procedure
for shipyard material handling
operations is described. This phase
i nvol ved investigation of software
alternatives available for sinmulation
optimzation, material handling and
data base managenent. Additionally,
material classifications, equipnent
choice figures of merit and a materia
handl ing equi pnent data base have been
devel oped. = The paper presents a
di scussion of the software _
investigation and presents choices and
rationales to be used in the second
phase. Additionally, the format and
typical entries in‘the material
handlln? data base will be presented.
A detailed discussion of the fina
figure of nerit equation devel oped and
to be used is also included. Finally,
the results of a feasibility study
concerning the potential for successfu
sinulation of the problemis presented.

| NTRODUCTI ON

Effective management and control of
modern product-oriented shipbuilding
systens is based on control and
monitoring of material. Wrk packages
are organized around pallets, which are
conceptual and physical groupings used
for production scheduling and control
Numerous choices of material ordering,
fabrication, storage, marshalling and
handling systems are possible. Optimal
selection from among these choices can
significantly impact overall
productivity of the shipbuilding
process. Simulation modeling is a tool

that can be effectively employed to
optimize choices in a complex decision
making environment. Specifically, for
a given objective function, such as
total cost, a mininum can be obtained
b¥ simulating the results of a series
of possible solutions. In this case,
the desired solution is a choice of
material handling equipnent to be used
to nove particular itens from one work
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station to another. By coupling a
sinulation of the entire series of
moves associated with a shipbuilding or
ship repair project, with the

conputation of the total cost
associated with the noves, a |east cost
assignnment of material handling

equi pnent to specific noves can be
acconplished. The research reported on
here involved the fornulation of the
procedures and necessary data bases
with which to generate a mninum tota
cost for planned material movenent.

DATA BASE DEVELCOPMENT

Three data bases are required in

order to analyze the material handling
choices. These describe (1) the
material handling equipnrent” avail abl e,
(2) the material to be moved, including

time and location it is needed for the
sucpeedln? work operation, and (3) the
facility Tayout, indicating the work
stations to and from which nmateria
nust be noved. The data bases will
provide input data to the sinulation
model .  Therefore, they nust contain
information in sufficiént detail to
gernlt valid analyses to be conducted.
hey should not, however, contain nore
detail than can be effectively used in
the simulation. The actual flow of the
sinmulation nodel proposed will be
presented later in the paper. However,
there are certain prerequisites
associated with each of these data
bases.
Material Handling Equipnment Data Base
The material handling equipnent data
base must contain information that will
enable two mgjor functions to be
acconplished. First, the feasibility
of using a particular piece of materia
handl i ng equi pment for a given nove
nust be verified. This is a necessar
condition for further consideration o
the piece of equipnment. The
feasibility verification requires a
deternmination that the equipnent
capable of handling the weight,

is
) si ze
and route required for the nove. It



al so |nP||es that the equipment is not
currently being used for another nove.
The second functron i nvo| ves naking an
optinum choi ce of avallabl e equi pmént
based on a conputation of fhe cost of
using a particular prece of equi prent .
Since there are likely to be many
possi bl e choi ces, . the sinulation npde
shoul d be run nakrng different choices,
sp that these options can be conpared
after evaluating total project costs
'Wedﬂacﬂeonesforeturmm nust
enabl e the nodel to deter these
characteristics. rgureﬁ 5, show t he
headi ng categories e fr es that
conprise this data base. . These. ffles
are for specrfrc pes of materia
? equi pnent,” " 1'ncl U dlnd
r| ge antry cranes mob
cranés/ crane ” trucks, Hlb cranes,
transporters/trucks/rafl cars, and
rorklifts. Th e first two colyms are
the individual “equi prent nodel and
name. .~ The next set of colums. indicate
handling capacities of the equi pnent.
Thrs data can be used to deter ne the
m |%CMemy?%&|wumsor
IS pi of equl pnent may be
use The nextngo upn i ndicates’ the
station comblnations (source and
destrnatron whi ch the equi pnent can
servi ce. e travE peed, used to
|nd|cate the length o trne required
for a grven nove |s I ncl yded next.
Thi s | ¢l udes both | oaded and enpty
trave speeds.
T e yEe of energy_used |s provided in

the next col unn Th Bre SO ﬁ
teg I ndi cat ed a code, that
d Irects the user to a frle t hat
escri es the equi pment  manufacturer.
gur e 6.is an example of this file.
The remain ng col unmms contai n equi pnent
specific cost data.  These costs are
described in detail in the section that

presents the figure of nerit formula.

These files are used to develop a
new file, called the otentra
eurmmm Ii'st. |s € |S

contiunally up date or eac nove and
over tine durrng he sinulation.
npre detailed description of the f|ow
of the symulation and the use of this
resented later. This.
[e of which Is shown in
| denti J{ ?h thﬁ prece of
ane. en has
to indca telthe unber of
al classjficat]on
ngaeg h this piece ot

ﬁ col um Rdated

ut the executioh of th
tron jndicates the status of the
equi pment, 1ncluding available, in use,
or down.  Anot her colu I ndi cat es the

[ocation stat Scateg X % aangce o

e ulrprment s
grven ting. T IS |nf rnatron IS also
P e simlatl

D=0

e urp
rou
srnuI

ated durin
a se |es of colunns indicate

the cost categories, including labor,
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enerﬁy, mai nt enance, down
punc ase, Installation antr debt service
Costs .

The | ast coh nn 'S one tota
cost assocrate the use of a glven
Prece of equipment up to the current

me in the project gfor a grv P
srnulatron run No hat e nost
of the data categories are constants
SONe are varj abl €s. t hat are updat ed '
during the sinulation and so nay be
stochastic, 1.e. represente
distribution. These “variab es are
eval uated using typjcal random punper
enerators durf'ng”the running of the

nglatron The ™ opt|m zation. equation,
used to conpute total cost, own
later in the paper.

Material Cass Data Base

Si nce the nunber gnd varratron of

|nd|vrdua Items to be nove during a
gburldrnﬁ of naj or

reg I r/ over haul rohect | extensrve, a
ns of

ISS

limting the size of this data

base, to nanageab e proportrons I'S

re uired. Fr to acconplish. this,
terial c assr |cat|on schene |s

used Thi s schene e o s ten na

classes, wth the aB to subg g

the classes. |nto su catngorres ase

on the specifjcs of terial

handl i ng " probl em The classes include:

&{ucttrttral raw natterralls
Ittin erjals

P pe and ? |ngnP|tt|ngs and
val ves

El ectrical system conponents
Rl | and supérstructure

conponent s
naterrals

Fastenin .
Fent

Mtors and

Maj or equi

Sneet metal conponents

M scel ' aneous materials

| ¢ sub-categories wthin

[ qurPnent categories are
he table 1n the appendix.
addrtron to these categori es,
a

base nust handle f vg
stage outputs, Including sub-
S bl ocks,

asse ,outfit unrts sub
bl ocks, and grand b|ock s 8
outputs are rrnarr X | entr led by the
naterra and| |n onstraints,

I nclud |n9 srze and specra

consl derat i ons

Facility Layout Data Base

nrs data base is a dir f

e simulation software
MmtrmnMamunn srmuaro S
ackages I ncl ude nPIe struc

ut ~of the facility layout.

Co sequently, no specif|c

reco ndations on the format of the
ﬁOMln%rsm% nthis p a%of

the researc Fol I owi ng deYeIoPnﬁ

a case study of the materra n |ng

—

The specifi
these nmaj o
shown |n t
e gat b
assenb e

unct
e use 8
of twar e
ucture for



Haximum Travel Travel

Moving  Bridge Moving  Under  Speed  Speed tabor  Energy Emergency
Capacity Span Distance Bridge loaded  Empty Energy Manuy Cost Cost  MainT Down  Purchase
Kodel Name (ton) ft) ) 1) (mph) (mph) Type Code No (S/hr)  (S/hr) Cost $ Cost (S) Cost (S)
T0C 10C1 3.00 25.00 E 1 /
(top 1c2 3.00 45.00 E 1
running) 1013 3.00 60.00 E 1 /
TOC4 5.00 25.00 E 1
[:) (=] 5.00  45.00 E 1
0Cs 5.00  60.00 E 1
L7 7.50 25.00 E 1
T0C8 7.50  45.00 E i
T0C9 7.50  60.00 E 1 /
10C10 10.00 25.00 E 1
e 10.00  45.00 E 1
10012 10.00 60.00 3 1
13 15.00 25.00 € 1
mC1se 15.00  45.00 E 1
T0C15 15.00 60.00 [ 1
UsG usGi 1.00 12.50 E 3
(under usG2 1.00 30.00 E 1 /
running) use3 1.00  40.00 E 1
UsG4 2.00 12.50 E 1
USG5 2.90 30.00 13 1
usGé 2.00 40.00 E 1 N
Install Interest
Cost ($) Cost (S)
Figure 1 Bridge/Gantry Cranes
Travel Travel
Under Maximum Speed Speed Labor Energy
Capacity Boom Span Height Rotation Loaded Empty Energy Manu Cost Cost Maint
Hodel Name (ton) (ft3 ft) (ft) (degree) (mph) (rph) Type Code No. (S/hr)  (S/hr) Cost 8 ™™
200-8PK 2001 0.25 19.00 8.00 10.58 350 E 1 \'
2002 0.2% 10.00 14.00 10.75 380 E 1
2003 0.25 10.00 20.00 10.92 360 E 1
2004 0.25 12.00 8.00 12.58 360 E 1
2005 0.25 12.00 14.00 12.75 360 £ ]
2006 0.25 12.00  20.00 12.92 360 E 1 /
2007 0.50 10.00 8.00 10.58 360 E 1
2008 0.50 16.00 14.00 10.92 360 E 1
2009 0.50 10.00 20.00 11.08 360 E 1
2010 0.50 12.00 8.00 12.58 380 E 1
2011 0.50 12.00 14.00 12.92 360 E 1
2012 0.50 12.00 20.00 13.08 360 3 1 /
2013 1.00 10.00 8,00 10.75 340 £ 1
2014 1.00 10.00 14.00 11.08 360 E 1
2015 1.00 10.00 20.00 11.33 360 E 1
2016 1.00 12.00 8.00 12.75 360 £ 1
2017 1.00 12.00 14.00 13.08 360 E 1
2018 1.00 12.00 20.00 13.33 360 E 1
2019 1.50 10.00 8.00 10.92 360 E 1 /
2020 1.50 10.00 14.00 11.08 360 E 1
2021 1.50 10.00 20.00 11,58 240 3 .

"/m ....................

ké Down Purchase Install Interest
Cost ($) Cost ($) Cost ($) Cost ($)

<
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Haximum
Lifting
At Max.
Radius
(ft)

3911001
3911002
3911003
3911004
3911005
3911006
3911007
3911008
3911009
3911010
3911011
3911012
3911013
3911014
3911015
3911016
3911017
3911018
3911019
3911020
3911021

Maximm

Load

Name
3906001
3906002
3906003
3906004
3906005
3906006
3906007
3906008
3906009
3906010
3906011
3906012
3906013
3908014
3906015
3906016
3906017
3906018
3906019
3906020
3906021

Maximm
Lifting
At Min
Radius
(ft)

Mobile
Method:

Highest

Working Travet

Travel

Width Length
of
Capacity Platform Platform Ptatform

(ton) ft)

Speed Labor
Empty Energy Manu Cost
(mph) Type Code No. (S/hr)

Energy
Cost Maint
($/hr) Cost $

Point
0f Hook
(ft)

tire
Rotation rail,
Degree  crawler

Speed
Loaded
(mph)

(VIR VIRV, B VYR P VYR PR VU I 7L I VY

U ww

Emergency
Down  Pizrzhace Install Interest
Cost ($) Cost ($) Cost ($) Cost (S)

Figure 3 Jib Cranes

Mobile
Require.
tire,
rail,
crawler

Width
OF

Equip

(ft)

Travel

Speed

Empty Energy Manu
(mph) Type Code Mo,

Travel
Speed
Loaded
(mph)

Height
OF

Ltength Minimum
of Turning
Equip Radius

fe) (ft)

OF

fe) (fe)

\

Interest

Purchase Install
Cost ($) Cost (3) Cost ($) Cost (S)

Cost Maint Down

($/hr) Cost S

Figure 4 Transporters/Trucks/Rail Cars
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MFG
COOE

Max

Lift

Caoa

{ton)

GLC 040A GL1 4.00

GLC 040A GL2 4.0C

GLC 040A GL3 4.00

GLC 040A GLé 4.00

GLC 0404 GLS 4.00

GPOYOM/GLP GP1 9.00

GPOPOM/GLP P2 9.00

* GPOPOH/GLR [:2] 9.00

GPOPOM/GLP GP4 9.00

GPOJOM/GLP GPS 9.00
GC 1001 [clog]
GC 100t Gc2
GC 100L GC3
GC 100L GC4
GC 100L GC5
GC 100L GCs
cC 100t [l g

¥eG
N2KE

O BNV SN -

P
N - O

-
w

1%

STANSPEC CORP.

YALE

ACCO

HARRINGTON

BAXER

CUSHUAR

IRDUSTRIAL CRAKE & ECU:P. CO.
cLYoE

AVIRICAN HOIST & DERRICK CO.
AUTC CRANE COMPANY

LORATH

RATIONAL CRAKE

41TSUl Z0SEN (USA) IKC.
GROVE

HIAZ CRANES & LOADERS INC.
HULTILIFT

ROC CORP

STELCO INC.

LINK BELT

HE! CLARKE CHAPMAN LTD.
WASHINGTON CRANES

life

100.00

a0 nn
WUV

148.00
168.00

242 aAn
A=Y

96.00
116.00

124 NN
LYY

176.00
206.00

04 NN

78.50

116.00
136.00
139.00
146.00
176.00
206,00

Maximun
Moving/
Reaching
Caoacity

soamy
LISH

Road:
Width Length Outside Travet Travel Load special,
of of Turning Speed Speed Type: hard,
Truck Truck Radius Loaced Ermoty forward, normsl, Energy Manu
nd {in) {in) {moh) {moh) backward sny Type Code WNo.
38.10 82.30 71.90 9.30 9.90 F Tire Ga: 2
38.10 82.30 71.90 9.30 9.90 F Tire Gas 2
38.10 82.30 71.90 9.30 9.90 F Tire Gas 2
38.10 82.90 71.90 9.30 9.90 F Tire Gas 2
38.10 82.90 71.90 2.30 2.90 F Tire Gas 2
56.10 132.00 110.20 13.40 14.90 F Tire Gas 2
56.10 132.00 110.20 13.40 14.90 F Tire Gas 2
56.10 132.00 110.20 13.40 14.90 13 Tire Gas 2
56.10 134.00 112.20 13.40 14.90 F  Tire  Gas 2
56.10 134.00 112.20 13.40 14.90 F Tire Gas 2
45.30  103.90 0,90 11.00 11.50 F Tire Gas 2
45.30  103.90 90.90 11.00 11.50 £ Tire Gas 2
45.30 103.90 90.90 11.00 11.50 F Tire Gas 2
45.30 103.91 90.90 11.00 11.50 F Tire Gas 2
45.36 105.20 $0.90 11.00 11.50 F Tire Gas 2
45.30 105.20 90.90 11.00 11.50 F Tire Gas 2
45.30 105,20 11,00 11,50 F Tire Gas Jz/
Labor Energy Emergency
# Cost Cost Maint Down Purchase Install Interest

(s/hr) (S/hr) Cost $  Cost ($) Cost ($) Cost ($) Cost (S)

Figure 5 Forklifts

MEG
TELEPGONRE

(216) 451-8900

(206)
15470}
(800)
€800)
(800)
G12)
218)
612)
918),
(4614)
€402)
@12)
D
302
(800)
919)
(913)
312)
€091)
€205)

762-1777
843-1523
233-3010
627-1700
228-4444
378-0100
722-7451
293-4567
438-2760
873-3400
786-2240
308-3350
507-8121
328-5100
821-9966
599-3141
287-1500
295-5500
&477-1009
622-4421

MFG
ADDRESS

13600 Deice Avenue Cleveland, Ohio 44110.

Northwest, Inc. 7001 K.E. Coluwbia Boulevard, Portland OR 97218,

1110 East Princess Street, York, Pennsylvania 17403
401 West End Avenue, Manheim, PA 17545.

1 South ldzho Street, P.O. Box 3581, Seattle, WA 98124.

P.0. Box 82409, Lincoln, KE 68601.
4701 West lowa Street, Chicage, IL 60651.

29th Avenue West & Michigan Street, Duluth, Minnesota 55806.

63 South Robert Street, St Pul, Minnesota 55107.
PO Box 581510, Tulsa, Oklshoma 74158.

PO Box 422, Milm=ukee, Wl 53201.

11200 North 148th Strect, Waverly, Nebraska 6B462.
Suite 501, 40% Perk Avenue, New York, NY 1022

PO Box 21, Shzdy Grove, Pennsylvania 17256.

Airport Ind. Pk., 258 Quigley Blvd., New Castle, DE 19720.

2000 S. Cherokee, Denver, Colorado 80223,

PO Box 451, Roxboro, Rorth Carolina 27573.

5500 Kansas Avenue, Kansas City, KS 66106.

2800 Lakesice Drive, Bannockburn, Illinois 60015.
victoria Works, Gateshead, Tyne & Wear KEB 3HS, UK.
2925 First Avenue South, seattle, Wa 98134.

Figure 6 Manufacturers
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Labor Energy
Lapac | Location] Usage | Cost Cost Maint
Nase fode | Status | Statu | s/hr s/hr Cost §

-
sergency
Town Purchase Install | Interest lotal |
Cost § Cost § tost ¢ | Lost § Lost §

———

Figure 7 Potential

s| mul atron phase |1 of the research),
the sgecr | |nputt|ng the layout’
wll Dbe exp a| ne

SOFTWARE CHOI CES

Data Base Management

The choice of software to be ysed in
devel opin the data ases was rmade

based on rrnarY factors. These

are the abr | h% data base

?o tware to rformt e necessary
unctrons angd the tr ns erability of
he sof tvvare

etween s yar S.

gonse uent | t¥ ia re atrve owerful
ata andl'i ng softvva e packa e is
re urre Addrtror(} ea
Ytemthat IS readily avarl e or
already In conmon use. Ote such
software system that sati sfr eg] these

requrrenents I's LOTUS

US 1-2-3 offers
rea sheet approach t

na e g sof t vva

aval for PC operat| on on nost
commnly used nachr nes. [provr des
anallse space, for the ngjor da bases

1-
a
0

required, offerin 256 co unns and 8192
for data ent T e | nf rnatr n

re urre er |ece teria
nt prs Eonsr derab Iess t an tﬂg
érnn cap acrt)( |m | ar |
Xar S are not 1ikely to. have |n
exc in |vrdual

F Prece%
rrat]grra hanSC N eeur m%H edh t
e spreadshee
?%rn%t IS one V\H% n% i ch nost pconputer
users are famlrar. It is also quite

10-6

Equi pment  Li st

power ful , providing considerable
computational and Sorting capability.

Sinul ation

. There are manuf act urin

simulation sopangre ackages %arlable

for consr deratron use In optimzing
ral %ral Sumari es  of thgse

mat

Bac ages are resent ed
annual J by a’ nunber of

{Eourna . |nc din NDUST AL

NG NEERI [4] an I\/EDERN I\/ATERI ALS

HANDLI NG More than 50 such

sof tware a]cka es are currently on the
garket nae%uently, PIC s~ cannot
e made b ase n trras 0 ese
various packages. AP rrréhe
criteria nust be ap and 0i ces
rrade The maj or crrterra are
gxr ||||t¥/ ca abrlrty, avarlabrlrt
an rel ative P 5a9es
ava|| leeclosrmnnu erlrjtSeOI and hi
v i S..need

to make a chol ce vrrthout tﬁe Benefrrt
conparative testrn%
recomrendation Is ased on availability
and common use, Bt srgu tron
aCkﬁagfurtrhr?t haveI caeternon el}/se oped fo[are
capapl e of agea?pp%vnth the CprobFem
be addr essed |nbt i'S msealtr :
ackages avail abl erha
,&r h?%wrag |ca agrLi ac!? pr%ss
I's recomend |s sotwarers
comonl ava | a Ie has geen se
nUNer ous , app |cat|ons an ac e
an on- 0|n8 port Service, lHﬁ
relati dy eas use ang has fhe
power an |t needed to develop
a_mterial han optrmzatron
sinulation program or a shipyard.



ShoPLd ant|ng|vadual Fh{pyard hﬂve of nPéeB%al P?pdlgg%teq¥k#neT%t gn st
anot her = standar S|nu at1on Xac age L &; Ué| ?hl pu ,

aval | aple, swtching from S eve op S
shou| d” be relatlvel% easy using the appl i ed to each nnve and the a5500|ated
model developed in this and the second piece of material handlin qU| nent
phase of the research. used, a total cost of material handling
qulenent choices can b detern}ned for
a gl e fotal cost o
CPTI' M ZATI ON' SI MULATION  FEASI BI LI TY various pIans can then be co ared
The cost formula cogputes. coF our
. The actual material handling ba5|c cat egori es, 656 i hel ude ¢
SJPP|atI0n and opt|n1 atlon program l'abor cost ~associated with the use of a
reqU|re he deve opment a g|ven |ece oL material hand |IHg
nu er. 8 parts. These' can be e energy cost, cost
I vided | ntﬁ OB'[ Imzation and [8| ated wth “emergency’ or
rmi atlg The optimzation s based dnant o ated breakdoins. of
on the devel oppent of a “fjgure of equl p nenP %e cost o? haV|ng the
merit” or total cost formulation. The equi pnent ava||ab|e |nclud|ng
feas|bility of conducting the urc ase, depreci at dul ed
simufation" w |l be addreSsed by I ntenance, et Hﬂeée costs are
con3|der|n the data re UIYEd the comi ned. on e|t er an hourly use rate
putputs ex ected, and b eve1op|ng a 6 over a tota roj ected, proj ect
flow chart of the sinulation procedure. duration an ﬂ 3 8[ l
: PrOjeCt | gure nerlt
Figure of Merit Formla ornulatlon s g|ven bel ow

In order to evaluate optional choices

Total Cost ($ /Project) -

SUM [labor cost * actual working time (hrs)
al | noves

+ energy cost * actual working tine (hrs)
+ energency breakdown cost

p%rchase cost = iqstallatlon cost
reciation coefficient + Interest cost
+ npjntenance cost) * project utillzation

coefficient artial yearl'y usage of equi pment
on a spe0|f|gppr01ecty y J qurp

wher e:

Labor Cost (S/hr) = Number of operators
*Average wage/ hour/ operat or

actual working time = travel time + load time + unload tinme

Energy Cost (S/hr) = Cost per unit of energy type used
* enerﬁg consunption at naxinum out put

¥ ‘energy ut|||zat|on coef ficient
Mai ntenance Cost (S) = Constant or stochastic (distribution)

Emergency Breakdown Cost (S) = (1 - reliability coefficient)

delive[g de cost per/hr
I nventory t per hour
+ overtime cost per hour

+idle tine %os per hour;
* repalr tine
stochastic (distribution)

Purchase Cost (S) = constant
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Installation cost (9$)

= direct
+ area util

installation cost

I zat1 on cost

+ additional facility (building)
construction cost

Interest Cost (S) = ipurchase cost + installation cost)
i nt erest

The constant val ues nust be input to
the individual shlﬁgard material
handling equi prent data base. Gven
these data, the simulation can then be
run to provide a nmeans of eval uating
alternative choices of material
handl i ng equi pnent usage and
schedul i'ng. te that in the tota
cost equation, |abor and energy costs
for a particular 'piece of equipnent and
a specific move nust include unl oaded
moves (if required) to position the
equi pnent where it is needed. The
simulation nodel will account for this
requirement. Addltlpnallr, capita
costs (purchase and installation), must
be based on present value conputations

Sinul ation Approach

The sinmulation is used to provide
and conpare material handling equi pment
choi ces and schedules. Initially, the
overal | project schedule nust be
defined by work and material category.
In effect, a conmbined graph of work
control parameter versus tine is
required for each work station pair,

i.e. source and destination, involved
in material novement [7,8]. This wll
be nearly every work station. The

Production | ndex
(wei ght, nunber of
pi pe pieces, etc.)

rate

maj or exceptions will be work stations
that are directly linked to succeeding
or preceding work stations, such as a
anel line. Here there is no material
andl i ng choice since there is a direct
connectron and nost |ikely dedicated
equi pnent for material handling. For
the remainder, the graphs are as shown
in Figure 8.  The predom nant
paraneter, as in product oriented
scheduling, is weight. However, where
other paraneters are used, such as
nunber of pipe piece connections, a
paranmeter to relate the work schedul e
to the material handling schedule is
required. The material classification
categories previously defined will be
used here.

Gven this material handling

schedul e to support the master
roduction schedul e, the sinulation may
egin. The inputs to the sinulation
from the material handling schedule are
the feasible material handling

equi pment for each nove, the distance
of each nmove, and the handling weights
per material category for each nove
my piece of material handling
equi pment that is in the feasible data
file may be ready to be used at the
begi nning of a working period, or only

Figure 8 Mteria

Movement
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for some portion of that period. The
equi pment nay need to be noved enpty to
the required work station, and it nay
be used for a single nove, or for a
series of noves in sequence.

Simlarly, materials to be noved may be
ready and prepared to be noved at a
given point in time, or a distribution
of cg)ro ability of it being ready can be
used.

The simulation is then run. It wll
produce outputs which define the piece
of material handling equipment utilized
for each move, the utilization time for
each piece of equipment, and any del ays
associated with either [ack of

availability of material handling

equi pment or materials to be noved.
Based on these outputs, the total cost
for the project of that option can be
computed. A sinplified flow chart for
this sinmulation is shown in Figure 9.
The erl_mary feedback |oops are from the
sinulation to the potentially useable
equi pment data file, to update and
choose for the next move schedul ed, and
from the analysis and result storage
back to the potentially useable .
equi pment file to run a new sinulation
of the project. A series of simulation
runs can be conpared to choose a |east
total cost nmmterial handling equipnent
utilization schedule.

Material Class
and Work Schedule
Data Base

Facility
Layout
Data Base

N

Y

P oasterial r2ndling Schedule

Z

- . .1 ] :
— > Puoranslal Material
X f Equair wons A Handling
i sl Cheinne Equipment
e Data Etase
& (Mult Files)
Speciiic
Equipmens
Chosen For
Each Run

3

Material Handling Simulation -

a

Cost Analyses

Simulation and

Information Storage

Analyses

Output

Figure 9 Simulation and Optimization Fl ow Chart
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A significant consideration in this
proposed sinulation is the nethod of
choosing a piece of equipnent for a
specific nove. Two suggestions are
presented and will be Incorporated in
the final nodel. First, manual
(possibly interactive) selection is
recommended. In effect, this is the
way noves are currently schedul ed in
nost shipyards. The manager of the
departnment responsible for providing
material handling equi pnent comonly
uses some comnbination of a schedul e and
i mredi ate requests to nmake short term
deci sions and assignnents. The node
shoul d therefore pernit this expertise
to be apglled.to provide a starting
poi nt . he simulation can then be run
to evaluate this proposal and to
generate similar but alternative
approaches. The second approach is to

automat e these decisions based on a set
of heuristics. The nmodel will enploy
such a set of heuristics, but in actua
use, each manager should have the
opportunity to adjust the heuristics to
sult an individual shipyard s needs and
capabilities. These twbo approaches can
be combi ned, either by providing
interactive override of heuristic

choi ces by the manager, or by using the
heuristics to deveIoE alternate
schedul es based on the initially input
material handling equi pment utilization
schedul e.

Simulation Feasibility

There are two primary issues of
feasibility. The first involves the
size and therefore running tine of the
nodel . The use of material categories
and the scheduling parameters is a
means of limting the size of the
simulation nodel. There are fifteen
material categories, including the ten
for specific individual material itens,
Qlus the five assenbly categories.

here are likely to be between 15 and
30 work station |ocations required to
nmodel the production process. This
size nodel should be well within the
capabilities of the PC based version of
SLAM Il recommended for use. .
Additionally, the material handling
equi pment data base shoul d not be
difficult to develop or handle.
Simlarly, the project schedule, if
apﬁroprlately devel oped using the
schedul e paraneter approach should al so
not be too |arge or cunbersonme to
handle. Cearly, the novement of every
single itemis not intended to be
incorporated in the nodel. Rather,
prepl anned noves of equipnent,

manuf actured parts and assenblies
between work stations only are
evaluated by this nodel. Thus the
large frame material handling issues
are involved. Subject to ﬁrOIect
specific needs, however, the nodel can

be used to evaluate “critical” nmoves no
matter what category (including size
weight, etc.) material is involved.
Therefore, preplanning of nmoves is a
prerequisite to the use of the nodel

The simul ation nmodel shoul d be an
effective tool to evaluate changes from
t he P]an and to alter the naterial
handling schedule to deal with such
changes.

~ The second feasibility issue is nore
difficult to analyze prior to actually
attenpting to develop the nodel. This
i nvol ves the heuristics devel opment for
maki ng indivi dual equipment chaoices.
Heuristics can be extremely difficult
to develop. This seens to becone a
more significant problemas they nore
closely nodel the actual decision
process enpl oyed by an experienced
deci sion-maker. In devel oping the
simul ati on model, |ess meaningful but
sinple heuristics can be a useful
startln% point. The accuracy (utility)
of the heuristics can then be increased
incremental ly until they are either
satisfactory or the efficiency of the
model begins to deteriorate
significantly. \Wile there is no
assurance that such a set of heuristics
can be obtained, the increasing success
of such simulation nodeling in other
manuf act uring environments provides
sone optinmism[9, 10, 11].

OTHER USES OF THE MODEL

There are a nunber of possible uses
for the nodel proposed in this paper.
The two prinmary areas of use involve
mat eri al handl i ng equi prent deci si ons
and schedulln%. In the first area, the
model shoul d be effective in two
significant areas. First, decisions on
buyi ng and selling material equi pment
can be justified K runni ng the node
with the material handling equi pment
data base appropriately changed.
Benefits in cost and schedule will be
readily apparent. Additionally,
mai nt enance and breakdown records can
be used to inprove the accuracy of the
data base, and then can be used to
i nprove the scheduling of maintenance
and prediction of breakdowns

In the area of project schedulin%
the nodel can be used to consider the
i npacts of schedul e changes on materia
handling requirements and costs. Such
an anal ysis can highlight bottleneck
operations and therefore permt
critical review of the manufacturing
system Simlarly, the nodel can be
used to evaluate the.shlﬁyardllayout,
and to provide material handling cost
figures for layout alterations. The
use of manufacturing simulation in
other industries has lead to

i mprovenents in system problem



i dentification and solution. This
Includes not only schedu||ng, equrﬁnent
and layout, but also quality, b

sjze, labor utilization, et¢. It.is

thi's author’s belief that simulation
holds simlar promse for shipyard
operations Inprovenent.

CONCLUSI ONS

Thi s paper re%orts on the first
phase of a tvvo ase research. project
conc%rnr ng .the use of si nul atr nto ad
In t Hce of materia rng
ﬁur rrent ?r use rn a shi g or

|g rg air/overh r
aper describes t e resu ts of attenpts
ocareul ornuae prb
to rndctet e equred and
val uatet s brl
crng sof tvvare i at vvo
o shipyard materi al ntl é
e

:
O
—R,

de art ment nana ers. ho
Ietron of pase N of
?n efrnrtel estapl1sh
o simulation to solve this
he aut hor rs encour aged by
results A di tionall whi'l
and scope shi

re rese ts a sraglﬁm Ca#[ °

e
possr 6|e to Hlan Ieora prob g
size, if It Is r

orrrul at ed
recommended.

y factor, a?
sr nulation, is the accurﬁc
data. In par

ticul ar e
Pro% ess par amet er data rrust
rert rouce vardsrnu
results. ﬁ' e this potential
drffrcultrt/)Ie e use of simula |on

consi dera rom S€ as a tOO

f
the
r

e

reduce costs an | prove, annrn

nﬁterral handl 1 ng operations In
shi pyar d.
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APPENDIX

Major Equipment Sub-~catagories

Group 1: Structural Raw Materials

ITEM NASSCO NO. BIW NO,
Steel (plates and shapes) 82 40,41
Stainless Steel 83 -
CRES and nom=Ferrous (Except Aluminfum)

Plates and Sheets - 42
CRES,» Tool Steel and non-Ferrous (Except Aluminum)

Bars and Shapes - 43
Other Steel. 1Includes: Chrome-Moly, CU=Nl, Brass,

etc. 84 -
Manufactured Bi11 of Material Items (Tees, Angles) 85 -
Metal (Ingots, Ores) 86 -
Steel Inventory (Flat Bar, Round Bar,

Small Shapes, etc.) 88 -
Miscellaneous Surpius Steel 89 -
Spec. Material 90 -
Spec. Materi{al 91 -
Spaec. Material 92 -
Castings and Forgings 44
Alumninum (Plates and Shapes) 8L 55,56
Group 2; Outfitting Raw Mataerials

ITEM NASSCO NO. BIW NO.
Pipe, Steel, ASTM AS3 0l 10
Pipe, Steel, ASTM Al06, Chrome-Moly,

Stainless Steel 02 10
Pipe, Aluminum, Copper, Brass, CU=NI, Misc. 03 10
Pipe, Plastic, Polyethylene, Nylon 04 10
Tubing, Stainless Steel 05 10
Tubing, Steel Carbon 06 10
Tubing, CU-NI, 90-10 07 10
Tubing, CU=-NI, 70-30 08 10
Tubing, Copper, Brass, Misc. 09 10
Group 3: Pipe and Tubing Fittings and Yalves

ITEM ) NASSCO NO, BIN NO.
Adapters, bushings, nipples 10 13,14
Caps, plugs, locknuts 11 13,14
Coupl ings, connectors 12 13,14
Elbows, 45° 13 13,14
Elbows, 90° 14 13,14
Flanges, expansion joints 15 15
Reducers, returns, inserts 16 13,14
Crosses, tees, laterals, branches 17 13,14
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Unions 18 13,14
Deck drains, deck plates, refrigerator space drains 19 13,14
General plumbing fixtures and fittings includes:

faucets, spouts, flush valves, "p" traps, water

closets, etc. 20 18
Sockolets, elbolets, brazolets, ni po‘l ets. weldolets

thredolists, latrolets, bosses, chill rings,

couplets, tube fittings 21
Tube fittings 22 13,14
Separators, traps, strainers, air-eliminators,

filters, flame arrestors 23
Gauges and gauge valves, liquid level and sight

fiow indicators, meters, regulators, thermameters,

etc. 24 16,20
Aeroquip fittings and hose - 25 20
Mechanical telegraph and voice tube fittings 27 17
Hose and hose fittings, emergency fresh air

breathing apparatus, fire extinguishers, gas masks 29
Angle valves 30 11,12
Butterfly valves 31 11,12
Measurflio control valves, liquid level control valves,

tempsraturs and pressurs control valves; pressure

reducing valves, solenoid valves 32 11,12
Gate valves 33 11,12
Globe valves 34 11,12
Cock valves 35 11,12
Relief valves 36 11,12
Check valves T37 11,12
Man{folds 38 11,12
Other valves includes: ball valves, scupper valves,

eductors, vent terminal valves, vent check valves,

plug valves, blow=off valves 39 11,12
Group 4; FElectrical

ITEM NASSCO NO. BIN NO,

Cable and wire 60 25,26,27
Fittings and supplies, includes: packing assembly,

wave guide bends, terminal blocks, connectors, caps,

conduits, fuses, terminals, stiffing tubes, etc. 61 28,30
Connector boxes, flourescent 1ight fixtures 62 -
Plastic tape, braid 63
Lighting (lamps) 64 28
Miscellaneous electric 65
Coils and relays 66
Switches and controliers, includes: circuit breakers 67 37
I.C. Equipment and parts 68 31,32
Navy symbol electrical, includes: feeder distribution

boxes, fuse boxes, jack boxes, switch boxes, terminail

boxes; indicator lights; light panels; receptacles,

sw{tches, pressure transducers, otc. 69 29,30
Wave grids and fittings 33
Power generation and transformation equipment 34
Instruments, electrical/electronics 35
Electronic compounds 38

ITEM NASSCO NO. BIN NO.

Deck cleats, chocks, fairieads, harse pipe
material 40
Blocks, sheaves 41
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Rigging material includes: clevis, hooks, shackles,

snaps, 1inks, turnbuckles, etc. 42
Doors and closures 44
Furniture and fixtures 45
Anchoring device, stair treads, raiiing, gratings,
etc. 48
Laundry, barber shop, galley, messing and scullery
equipment 4
Lumber 73 45
Medical and laboratory equipment and supplies 69
Office equipment, furniture, supplies and ships 79 71
ouefie
Coverings, floor and deck 73
Group 6: Fastening Materials
ITEM NASSCO NO. BIW NO.
Bolts and studs 50 53
Nuts 51 53
Pins 52 53
eivets g3 g3
Screws 54 53
Washers 55 53
¥Weld rod, flux, solder 56 61
Tools 78 80,81,82
Misc.» includes: hangers, uristruts, clamps, sway
braces 57 54
Gear and shifting boxes, couplings for flex shaft
and rigid rods 59
Rope, thread, chain, twine, and wire (non-electrical) 43 50
1o T Mabawma smd Diiceoos
ITEM NASSCD NO. BIW NO.
Motors 90
Pumps 91
Sroup 8: Major Equipment
ITEM NASSQO NO. BIW NO.
Maj or equipment = Hull 94 97
Major equipment = Machinery 96 98
Major equipment - Electrical 93 99
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ITEM NASSCO NO. BIW NO.

Vent fittings 3
Air-Conditioning units and suppl ies, heaters,

vent fittings, and ducting includes: 1intake

and exhauset bellmouths, thermostats, spiral

fittings, access covers, regulators, diffusers,

ventillators, grills 28 93

Group 10: Miscellaneous Materials

ITEM NASSCO NO. BIN NO.
Chemicals, grease, oil, gases 70 60,62,63,64
Compounds, includes: adhesive, cement, epoxy, etc. 71 49
Government furnished materi{al 74
Paint 47 48
Insulation 46 57,47
Cleaning supplies 72
Finishing, decorative materials and accessories 74
Vendor service {tems 86
Fabrics, plastics, glass, tapes 46
Safety and protective equipment 70
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu
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